ABSTRACT The hypothesis that supplemental oxygen could improve the quality ofsleep was tested in 23 consecutive patients (14 male, nine female; age 42-74 years) with chronic obstructive lung disease (mean (SD) FEVY 0-81 (0 32) litre, FEV,/FVC 37% (12%). Patients breathed compressed air or supplemental oxygen via nasal cannulas on consecutive nights in a randomised, double blind, crossover trial. Quality of sleep was assessed by questionnaire and by electroencephalographic sleep staging. The study had a power of 80% to detect, at the 0-05 level, a 20% improvement in total sleep time. Seventeen patients slept for two nights in the laboratory. Oxygenation during sleep was improved by oxygen administration, but there was no improvement in quality of sleep. There was an acclimatisation effect with better sleep on the second night. Six patients spent an additional acclimatisation night in the laboratory as well as the two study nights. There was no difference in sleep quality between the second and third nights or between the compressed air and the oxygen nights in these patients. Subgroups of patients with an arterial carbon dioxide tension of over 43 mm Hg (5 7 kPa) (n = 12) and arterial oxygen saturation of less than 90% (n = 11) while awake did not show any improvement in quality of sleep on the oxygen night. It is concluded that supplemental oxygen improves nocturnal oxygenation but does not immediately improve the quality of sleep in the laboratory in patients with chronic obstructive lung disease.
Introduction
Patients with chronic obstructive lung disease experience falls in arterial oxygen saturation (Sao2) during sleep'"5 and have poorer quality sleep than healthy, control subjects of a similar age.' Whether supplemental oxygen improves the quality of their sleep, however, is uncertain. Three studies suggested an improvement,"S but the number of patients studied was small; a larger study did not show improved sleep quality. 9 We therefore studied 24 patients with chronic obstructive lung disease who received compressed air or supplemental oxygen on consecutive nights in a randomised, double blind, crossover trial. We planned to compare quality of sleep between the compressed air and the oxygen night and also between the first and the second night.
Methods
The subjects were outpatients with chronic obstructive lung disease (FEV, < 70% predicted, FEV/FVC <60%, with no significant change in spirometric measurements after a nebulised bronchodilator). No patient had asthma, left ventricular failure, or symptoms suggesting obstructive sleep apnoea. All patients gave informed consent for the study.
CLINIC VISIT
Patients were seen in the clinic, where a history was taken and physical examination and routine pulmonary function testing were carried out. The patients rested in the sitting position and arterial blood was drawn from the radial artery for analysis of pH, oxygen tension (Po2) and carbon dioxide tension (PCo2) ( Mean differences between nights were compared by paired t tests and 95% confidence intervals for the differences were calculated.'3 The power of the study was calculated by a standard formula.'4 Wilcoxon's signed rank test for paired data was used to analyse the questionnaires. The two period crossover trial was analysed for treatment effects, period effects, and interactions. X5
Results
Twenty three patients (14 male, 9 female; age range 42-74 years) had sleep studies that were adequate for sleep staging. No patient had obstructive sleep apnoea. Three patients had clinical and radiological evidence of bronchiectasis; five had chronic bronchitis with normal carbon monoxide gas transfer and 15 had a reduced carbon monoxide gas transfer. Table I shows the mean age, haemoglobin concentration, arterial blood gas tensions, and pulmonary function of the group. Four patients were current cigarette smokers, 18 were ex-smokers, and one had never smoked. Nine patients had a Pao2 less than 56 mm Hg (7 5 kPa), of whom seven had a history of right heart failure. Four patients had a Pao2 in the range 56-60 mm Hg (7 5-8 0 kPa), of whom two had had right heart failure. Twelve patients had hypercapnia (Paco2 >43 mm Hg) (5-7 kPa). Seven of the nine patients with a history of right heart failure had ECG evidence of right ventricular hypertrophy or a dilated right ventricle from echocardiography. Six patients had secondary polycythaemia. (fig 2) . The mean lowest Sao2 (%) on the oxygen night was higher than on the compressed air night (86 (4) v 75 (5); p < 0-001; 95% CI for the difference 6-16%). The mean % TST<85 on the oxygen night was less than on the compressed air night (1 (1) v 45 (18); p < 0-05; 95% CI for the difference 1-88%).
Analysis of the questionnaire data for these six patients showed greater difficulty in going to sleep on the oxygen night (p = 0-01) but no other significant differences between the compressed air and oxygen nights. There were no significant differences between the second and third nights in the laboratory.
The group was stratified according to Paco2 (>43 mm Hg) (5 7 kPa) and Sao2 (< 90%). There were no differences between the compressed air and oxygen nights in sleep stages or arousals for either subgroup.
Discussion
In 23 hypoxaemic patients with chronic obstructive lung disease supplemental oxygen did not improve the quality of sleep significantly when compared with placebo, as assessed by questionnaire or by sleep staging. There was an acclimatisation effect with improved quality of sleep on the second night. Even in the subgroup, however, who spent an additional acclimatisation night in the laboratory oxygen did not improve sleep quality significantly when compared with placebo.
An acclimatisation effect has been described in normal subjects undergoing EEG monitoring during sleep. '6 In that study less wakefulness and stage 1 sleep and more REM sleep were found on the second night than on the first night. There were no further changes over the next two nights of the study. Acclimatisation to the laboratory may have reduced our chances of showing an improvement with oxygen. There was, however, no significant improvement in quality of sleep with supplemental oxygen in the subgroup who had an acclimatisation night. In the study of Fleetham et al 9 the oxygen night was always preceded by a placebo night, maximising the chances of finding an improvement with oxygen. Despite this, these workers failed to find any improvement in quality of sleep on the oxygen night.
The quality of sleep of our patients was poorer than that reported previously for patients with chronic obstructive lung disease whose breathing was monitored during sleep;618 in particular, our patients had more wakefulness and less stage 2 sleep. Their quality of sleep was, however, similar to that of similarly aged patients with chronic obstructive lung disease previously reported from our laboratory.' The present study had a power of 80% to detect, at the 0-05 level, a 20% increase in TST (% TSP), a 25% increase in stage 2 (% TSP), and a 36% decrease in stage W (% TSP) with oxygen administration. These changes with oxygen would have resulted in near normal sleep architecture according to the findings of Carskadon and associates,'7 who studied breathing and oxygenation during sleep in healthy elderly subjects. The longer sleep latency with oxygen is unexplained. On the oxygen night there was no difference in sleep latency between those patients who did and did not have adjustments made to flow rate before sleep onset.
Thus, although the pattern of gas flow differed between the nights, increments in flow rate occurring on the oxygen night but not on the compressed air n Mi 124 * * 1 a 188 night, this seems unlikely to explain the difference in sleep latency that was observed. Our negative findings contrast with the results of studies of patients with chronic obstructive lung disease in which sleep quality was felt to have been improved by supplemental oxygen.' In the study of Kearley and associates the protocol was not optimal as only one night of sleep was studied; seven patients received room air followed by oxygen and only four patients received the gases in the reverse order. Goldstein and associates7 studied patients on two consecutive nights with oxygen always on the first night. Total sleep time improved on the oxygen night but this difference did not achieve statistical significance. Calverley and associates6 studied six patients who had an acclimatisation night followed by two nights breathing compressed air or supplemental oxygen at 2 1/min from nasal cannulas in a randomised, double blind, crossover trial. On the oxygen night there was a significant reduction in stage 0 + 1/TSP (%) (27% versus 15%) and an increase in stage REM/TSP (%) (11% versus 17%). The number of patients who received oxygen on the second study night was not reported.
The differences between the studies of Calverley et al6 and Fleetham et al9 were discussed in a recently published monograph on chronic obstructive lung disease.'9 The authors'9 suggested that hypercapnic patients were more likely to benefit from supplemental oxygen than eucapnic patients, noting that patients in the former study were hypercapnic (mean Paco2 = 50 mm Hg (6-7 kPa)) compared with those in the latter study (mean Paco2 44 mm Hg (5 9 kPa)). Our findings are against this interpretation because we found no significant improvement in quality of sleep with supplemental oxygen regardless of Paco2. Moreover, the level of arterial oxygen saturation when patients are awake does not appear to influence the effect of oxygen on sleep quality as stratification of our patients according to whether or not Sao2 was below 90% did not show differences between the groups. 
